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INTRODUCTION 
Sulfamic acid at one time had no particular value, 
and very little was known about t he physical and chemical 
properties of this acid. At t h e present time , however, 
this acid is a commercial product of considerable i mpor-
tance and extensive investigation has been conducte d to 
discover its many chemica l properties. 
It is known that sulfamic acid reacts readily with 
basic oxides , hydroxides, and carbonates to yield the 
corresponding sulfamate salts (i)• 'Ihe amphoteri c or 
acid metal oxides react les s readily or not at all with 
the sulfami c acid. 'lhe acid is known to form highly 
soluble s al ts with basic hydroxi des; for example, lead 
and barium sulfamates. Some sulfruna t es known to have 
been prepared are as follows: 







Cu(S03 NH2 ) 2 .2H2 0 
Pb(S03NH2 )2 .2H20 
Ca(S03NH2 )2•4H2o 
Zn(SO NH) .4H2o 3 2 2 
Mg (S03NH2 )2 .2H20 
F.SO NH 3 2 
NH SO NH 
4 3 2 
2 
Most of the metallic sulfamates ~how high solu-
bility in water and most of them as indicated in the 
previous list are hydrated salts. 'lhe acid shows toxic 
effects such as might be expected of highly ionized acid 
material. Some of the sulfarnates, such as ammonium 
sulfa.mate, are agreeable with cellulose and this has led . 
to their extensive evolution of flameproofing agents (z). 
A very interesting group of compounds derived from 
sulf ama tes are the aldehyde addi,tion products (.§.). The 
aldehyde derivatives of calcium sulfa.mate were studied 
and had a particular interest because of t heir greater 
stability, especially in the isolated, solid form. The 
aldehyde addition products of calcium studied included 
benzaldehyde, furfuraldehyde, fo r aldehyde, acetaldehyde, 
and cinnamic aldehyde. These compounds have been de-
scribed in patent litera ture, using essentially the method 
described by Schroeter. 
It -is known that the salts of sulfamic acid are 
more stable in neutral or alkaline solution than in the 
free acid and that such a solution may be evaporated by 
heating without hydrolysis of the amide group (1). 
'Ihe metallic sulfamates that have been investigated 
as electroplating agents include nickel, cobalt, cadmium, 
zinc and copper. 'Ihese metals have been satisfactorily 
plated in smooth deposits from sulfamic acid solution. (a)o 
With this information, the present investigation 
was carried out to determine methods of preparing 
aldehyde derivatives of those metals that had been in-
vestigated for electroplating , so that chemical com.po-
sition, physical properties, and electroplating proper-
ties of t hese compounds mi ght be studied. 
3 
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GEl\TERAL PRINCIPLES OF INVESTIGATION 
'Ibe reactions of sulfamates with aldehydes are 
based on the assumption that both aliphatic and aromatic 
aldehyde react with aliphatic amines (1,Q). Aliphatic 
amines can be methylated by heating with formaldehyde in 
the presence of acids, but if t he re ac tion is carried 
out at room temperature and in the presence of alkali it 
takes another course. 'Ihe reaction is an addition re-
action and the methylol derivative can be isolated, thus: 
'Ihe aldehyde s which are known to react readily 
with amines are propionaldehyde, butyraldehyde , acetal-
dehyde, hydrocinnamic aldehyde , and phenylacetaldehyde . 
It is not known whether aldehyde ammonia is formed as an 
intermediate or whether it i s condensed directly with the 
aldehyde through the enol form of the latter. 
Some of the possible reactions of metallic sulfa-
mates and aldehydes studied form methylene derivatives 
and some form methylol derivatives. Tneir structures 
are represented by the general formula respectively: 
R-CH:NS03M \ 
and 
'.Ihe letter 11R11 designates hydrogen or an organic group, 
and 11M11 represents a cation metal or g-reup (.§.). 
Th.e reactions which have been investigated are 
calcium sulfamate and its aldehyde derivatives. Both 
hydroxrl (methylol) and dehydrated form (me thylene) can 
be obtained, depending on the condition of preparation. 
'Ihe conditions of preparation were not given in the lit-
erature. Th.e methylol derivative Ca(H0CH2NHso3 )2 has 
been isolated and showed high solubility in water. Also 
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the methylene derivative Ca(CH2- NHso3 )2 has been iso-
lated with indication of only moderate solubility in water 
(.§.) • 
Preparation of .Metallic Sulfamates 
Before the sulfaraate salts were prepared, sulfamic 
acid was purified by dissolving approximately 125 g . of 
the · crude acid in 300 ml. of water, previously heated to 
70° c. (~). Th.e solution was filtered t hree times with a 
subsequent lowering in temperature , each time t he ma-
terial crystallized out of its solution, all i mpurities 
were discarded. The final filtrate was cooled rapidly to 
the temperature of an ice salt mixture, and was then 
allowed to stand for twenty minutes. The crystals that 
formed were removed by suction filtration. The crystals 
were washed with a small quantity of ice water, t hen 
twice with cold ethanol and finally with ether. Th.e pro-
duct was air dried in an open dish for one hour and t hen 
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stored in a dark container. 
'Ihe purified sulfamic acid was reacted in a con-
centrated solution with hydroxides of nickel, c admium, 
cobalt, and carbona te of copper. The a cid was adde d 
until the solu tion of bas es became neutralized . Si n ce 
the salts formed hydr a tes, t h e y were not readily crystal-
lized by addi tion of methano l or a cetone . The salts were 
isolated by evapora t ion of t h e aqueous solution at room 
temperature. Tne meta lli c salts cou ld have been evapor-
ated under re duced pres sure without breaking down t h e 
amide group . 
Investigation of Properties and Composition 
A number of analy t i c a l inve s t igations were 
necessary to discover the t ype o f substitution or addi -
tion in the re a ction of me tal l ic sulfamates with various 
aldehydes. Tnese analy ses were performed by de t ermining 
the percentage compos i t i on of t he me tals, eith er by 
volumetric, gr a vimetric, or electrolyti c meth od. The pro-
. cedure use d depended considerab l y on the a ctivity of the 
metal being analyzed . 
Sulfur determination was made by the use of the 
Parr Sulfur Bomb, Type 3 (flame i gnition). After t h e 
fusion had tak en pla ce, t h e per cen t o f sulfur was found 
gr a vime tric a lly, by p r e cipi tation as b arium sulfa te. 
Tests were made with potassium nitrite, this test 
to give evidence of some types of substitu tion in the 
amide group. 
Most of the aldehyde derivatives contained water 
of crystallization. It was very important to classify 
t he se compounds according to t he nrunbe r of molecules of 
water which crystallize with one mole cule of substance 
formed. 'lhe salt derivatives were found to be unstable 
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to heat; thus, the water of cr•ystalliz a tion was determined 
under reduced pressure and at a maximum t emperat ure of 
60° c. 
The water of crystallization could not always be 
determined analytically by t h e above procedure but in-
directly by a method based on t he per cent of metal and 
sulfur found. If the analy tical analysis correlated 
favorably the per cent found with the suspected percen-
tage, then an assuraption could be made from data obtained 
as to the number of molecules of water of crystallization 
present in t he compounds formed. 
'Ihe chief interest was to determine whether the 
aldehyde derivatives of metallic su lfamates (cobalt, 
nickel, cadmium, and copper) were good electroplating 
agents. 'Ihe experiment was conducted with a simple 
electrolytic cell: plating cobalt salts on nickel, nickel 
salts on nickel, copper salts on copper, cadmium s a lts 
8 
on copper, and nickel salts on copper . 
'Ib.e methods by which the derivatives from the 
metallic sulfamates were reacted with aldehydes and theif 
methods of analyses are described under the article heads 




Preparation and Properties of Aldehyde Derivatives 
Cadmi um Sulfama te 
Cadmium sulfama te was re a cted quantitatively with 
aldehydes by placing the s a lt in a flat - bottomed 250 ml . 
f lask . fue salt was dissolved in a small amount of 
distilled water and the reacted separa tely with a molec -
ular or e xact quantity of v~rious aldehydes and the mix-
ture was allowed to stand overnight . Ta e aldehydes tha t 
did react s h owed an exothermic reaction. The aldehyde 
derivatives were isolated by evaporating at room temper-
ature. Also t he aldehyde derivative s could be isolated 
under r educed pressure without break ing d own the amide 
group. 
'Ihe aldehydes that reacted with cadmium sulfamate 
wer e f ormaldehyde , which produced a white crystalline 
hydrate; acetaldehyde gave a brownish sticky product which 
had no definite phy sical structure ; propionaldehyde 
yielded a light brown crystalline product ; furfuraldehyde 
reacted moderately to give an amorphous charco al like 
compound. 
1h.e aldehydes that failed to react wi t h the acid 
salt were benzaldehyde, isobutyral dehyde, and cinnamic 
aldehyde. For these aldehydes that fail ed to give 
10 
derivatives by the above mentioned pro cedure, modifi -
cations in the procedure were made. An attempt was made 
by warming t he mixture on a steam bath 40-45° c. No 
r eaction took p lace. The temperature was elevat ed to 
60-70° c. but still no r eaction was observed . A final 
attempt was made by trying to dissolve the c a&nimn sul-
fama te in alcohol and proceed with the aldehyde addition, 
but the salt failed to ~dissolve in alcohol. 
Cobalt Sulfamate 
Cobalt sulfama te was reacted quantitatively with 
a nuinber of aldehydes. The salt was placed in a flat 
bottom 256 ml. flask. The salt was first dissolved in a 
minimmn amount of wa t er and t hen the a l dehyde was added. 
The mixtures were allowed t o stand overnigh t , and t heir 
derivatives were isola ted by evaporating at room temper-
ature; however, the der ivatives might have been isola t ed 
under re duced pressure without breaking down t he compound . 
The aldehyde s t hat formed derivatives were formal-
dehyde, acetaldehyde , furfuraldehyde and propionaldehyde . 
'Ihe formaldehyde gave a dark brown sticky product whi ch 
had no definite crys t alline shape ; propionaldehyde gave 
a pink crystalline hydrate; furfuraldehyde r e acted vig -
orously to give a charco a l like compound . All the deriv-
atives were h ighly soluble in water excep t t he 
furfuraldehyde salt. 
'.Ihe aldehydes that f ai l ed to g ive r e sults were 
benzaldehyde , isobu tyra l dehyde and cinnamic aldehyde . 
Copper Sulfamate 
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Copper su lfamate was mixed in quanti tative pro-
portions with formaldehyde , ace t al dehyde , propionalde-
hyde, isobutyraldehyde, benzaldehyde , furfur a l dehyde , 
and cinnamic aldehyde . '.Ihe salt was placed in f l a t-
bottomed 250 ml. flas ks and dissolved i n a minimum 
amount of water . '.Ibis was follo wed by t he addi tio n of 
each of the aldehydes . '.Ihe aldehyde s t hat did react 
showed exothermi c reaction. 'Ihe mixtures were a llowed 
to remain overnight and t hen t heir derivatives ware 
isola t ed by evaporation at room temperature. 
'Ihe aldehyde derivatives ob tained were formal -
dehyde , acetaldehyde, furfuraldehyde , propionaldehyde . 
'Ihe formaldehyde salt formed a bluish crystalline 
hydrate ; ac e t al dehyde yielded a dark greenish salt; 
propionaldehyde produced a somewhat greenish crystal-
line hydrate ; furfural reacted to give a charco al like 
product. 'Ihe aldehyde deriva tives were highly soluble 
in water with the exception of t he furfuraldehyde salt . 
Their derivatives reacted slowly with potassium nitrite . 
The aldehydes tha t failed to form any derivati ves 
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were benzaldehyde, isobuty r a l d ehyde and cinnamic a ldeh y de . 
Nickel Sulfamate 
Quan titative r e action o f ' nickel s u l famat e was 
attempte d wi t h formaldeh yde, a c e t a l dehyde , propion al-
dehyde, isobuty r a l dehy de, furfu r a l dehyde , c innami c alde-
hyde, and benzald ehyde. The s a lt was pl a·ced in fl a t-
bottom 250 ml. flas k s and di ssolved i n a minimum amount 
of wat er a n d t h e a l d ehyde added . 'Ihe mixt ure s were a l-
lowed to s e t overni gh t; t hen t he a l dehyde salts were iso-
lated at room t empe r a ture . 
The aldehyde d eri v a t i v e s ob t ained were f ormaldehyde 
which gave a green crystalline hydrate; a c e t aldehyde whi ch 
reacted to g ive a somewh a t gr e e n ish l ike p r oduct; pro-
piona l dehyde gave a g reen ish crys t a l line hydrate ; furfur -
aldehyde reacted to g ive a charco a l l ike c ompou n d . 'Iheir 
derivatives s h owe d h igh solubi lity wi t h wate r exc ep t fur-
furaldehyd e salt, and t h e s a lts r eacted very slowl y wi t h 
p otassium nitrite. 
The a l dehydes that failed to give any d e riva t i v e s 
were ben zaldeh y de, isobutyr a l d ehyde and cinnami c a l dehyde . 
ANALYTIC AL AND CHEM ICAL INVESTIGATION 
Determination of Per Ce n t of Water 
Approx imately 2 g . samp les of e a ch aldehyde 
13 
derivatives of cobalt, cadmium, nickel, and copper were 
placed in smal l crucibles a n d weighed analyticall y to 
four decimal places. The samples were placed under re -
duced pressure (one-third atmosphere) for forty-ei ght 
hours, and weighed. 'Ib.e loss in weight was not too 
noticeable, thus the water o f cry stallization could not 
be determined by direct weighing . Possibly if t h e exper-
i ment could have been conducted unde r 1 mm. pressure , 
satisfa ctory results might have been obta ined wi thout the 
decomposition of the amide group; but no satisfactory 
equipment w~s availab le to conduct this experiment under 
1 mm. pressure. 
'Ihe same sample of s a lts were placed i n an oven 
for twenty -four hours, keeping the temp erature at 40-
600 C. 'Ihe propionaldehyde salts seemed to lose t h eir 
chemical structure at that temperature, and appears to have 
lost a little water . The aceta l dehyde salts and f ormal-
dehyde salts did not lose enough water of cry sta llization 
to determine analy tically the number of molecule s of water 
which crysta llized with one molecule of the aldehyde deriv-· 
ative. 'Iheir derivatives seemed to decompose at 60° c. 
The number of molecules of water of crystallization 
could not be determined analytic a lly by describe d procedures. 
'Ihe analyses were tak en from the per cent of metal and 
sulfur found. With this percentage, an assumption could be 
made as to t he number of mo l ecul es of water in the 
aldehyde derivatives. 
De term:i..na tion of Cadraium 
,!?:L Hydrogen Sulfide 
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Two-tenth gr am s amples of the aldehyde salts were 
dissolved in solutions containi ng enough sulfuri c acid to 
make the solu tions approximat e l y s ix normal (I,g). The 
cadmium was pr ecipitated ou t of t he s olution by pass ing 
hydro gen sulfide into t he acid solution. The precipitate 
was filtered through a filtering crucible and washed 
sever a l time s wi t h wate r; t hen t he pr ec ipi t a t e was dried 
at 110-120° C. The chemica l factor used for cadmium was 
0.77809 . For some reason the resul ts ob t a ined ranged 
from six to seven per cent too high. The per cent of 
cadmium found by t hi s me ans was discarded . 
Electrolysis 
Two gram samples of the aldehyde derivatives were 
dissolved in an alkaline solution of NaOH co n taining 
enough hydroxyl ion to ob t a i n a p ermanent r ed color by 
t h e use of phenolphthalein i ndi cator (20). Then approx-
imately 0.05N solu tion of potas s ium cyanide was added 
drop by drop un til t he cadmium hydr_ox i de just dissolved·. 
An excess of potassium cyanide was av0 i ded . The solution 
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was ready f or ele c trolysis . A p l a tinum gauz e elec tro de 
was used as t h e c athode and a s p ira l platinum wire was 
used as the anode . The electrolysis was conducte d at 
25° c. with a curren t of 0 . 5 - 0 . 8 ampere and voltage 
around 5 volts . During t h e el e ctrol ysis a magne tic 
sti rrer was use d to k eep fresh mate r ial i n c on t ac t wi t h 
t he electro de s , t hus g iving a firm adhering depo sit . The 
current was main t a ined for t hir t y minu t es and increased 
from 1 to 1 . 5 amperes; t hen t he e l e ctro lys is was continued 
for two hours . The ele ctro de was removed from t h e so l u -
tion before t he cu rren t was broken, and t h e c a t h o de was 
i mmediately washed with water and ethyl alcoh ol . The 
cathod e was drie d at 100 ° c. for t hree minutes . Tb.e 
electrode was c ooled and weighed . 
Analysis of formaldehyde derivative of c admium sulfamate : 
Calcu l ate d for Cd(S0 3tTii- N2 COH ) 2 . H20; 
Cd, 29 . 41%; Found Cd , 3 0 . 1 4 5% 
Analysis o f propionaldehyde der i v a tive of c admium sulfamate : 
Calculated for Cd(S03N CHCH CH ) . 2H O; 2 3 2 2 
Cd , 26 . 66%; Found Cd, 25 088%·0 
8 - Hy droxqui n oli ne 
A 1 g . sampl e of t h e ald ehyde s a lt was dissolved in 
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a 500 ml. volumetric flask (1.§.). With a 10 ml. pipette, 
portions were transferre d to 250 ml. beakers. 'Ib.e solu-
tion wa s neutral, containing approxi mately 3 to 6 mg. of 
cadmium. Sodium carbonate solution was added until a 
sligh t turbidity was formed. Then acetic acid was added 
until t he solution became clear. 'Ib.e solution was warmed 
and 3 to 5 g. of sodium acetate was added and t h en a 
sligh t excess of freshly prepared two per cent alchoh olic 
solution of 8-hydroxyquinoline was added dro pwise . The 
reagent was added until the yellow color of the super-
natant solution appeared. 
The solution was heated to 80- 90° C. and then 
filtered through a filtering crucible. 'Ihe precipitate 
was washed several times with warm and cold water . The 
precipitate was dried for several hours at 120-130° c. 
and weighed. The chemical factor us e d for t h e anhydrou s 
compound Cd(C9H60N) 2 was 0.2807. The per cent of c admium 
was found from the equa tion: 
%Cd-::. Wt. of Ppt. x Che mic a l factor x 100 
Wt. of Sample 
Analysis of formaldehyde d erivative of cadmium sulfamate: 
Calculated for Cd(S03NH- H2 COH )2 • H20; 
Cd, 29.41%; Found Cd, 30 .31%. 
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Analysis of propional dehyde derivative of cadmium sulfamate : 
Calcul a ted for Cd (S0 3N = CHCH 2cH3 ) 2 .2H20; 
Cd, 26 . 66%; Found Cd, 26 .15%. 
Determination of Cobalt 
12z 0(-Ni troso- ,,8 - Naphthol 
> 
Reagent : Two grams of the solit o(-nitroso-fl-naphthol 
was dissolved in 100 ml. of glacial acetic acid and di -
luted wi th 100 ml . of hot water and filt ered (1§.). 
Five - tenth grams of t he sample was dissolved in a 
500 ml . vo l umetric f lask . 'Ihen with a clean, dry 50 ml . 
pipet, aliquot portions were transferred into each of two 
400 ml. beakers containing very little hydrochloric acid 
(three drops ). Approximately 10-12 drop s of 30% hydrogen 
peroxide (Perhydrol) were added and a sufficient amount o f 
sodium hydroxide was added to precipita te all t h e cobalt 
as Co(0H ) =• Precautions were taken no t to add an excess 
0 
of sodium hydroxide . 'Ihe precipitate was dissolved by 
adding approximately 10 ml . of glacial acetic acid, and 
diluted wi t h hot water to 150-200 ml . C(-Nitroso :.,,B 
-naphthol was added in exc ess ( 50%). The mixture was 
stirred and heated to boiling . The precipitate was allowed 
to settle and t hen was filtered t hrough a filtering cru-
c ib l e . 'Ihe pre c ipitate was washed t hree times with 30% 
acetic a cid solution and finally with water. It was dried 
at 130-135° C. and weighed . 1Ihe chemi cal factor u s ed 
for cobalt was 0.09463. 'Ihe pe r cent of cobalt was 
found by this equation: 
%Co ::. Chemical, factor x Wt. of . Ppt, x 100 
- Wt. -Of Sample 
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Analysis of formaldehyde derivative of cobalt sulfama t e : 
Calculated for Co(S03NH- H GOH) .HO; 2 -2 2 
Co, 16.88%; Found Co, 17.27%. Calcu l a te d for 
anhydrous salt: Co, 17.73%. 
& Electrolvsis 
A one gram sample of the aldehyde salt was 
dissolved in an annnoniacal solu tion containing ammonium 
sulfate. n~e type of electrode used was a hollow cy-
linder platinum gauze cathode, and the ano de, a platinum 
spiral wire (1§). 1Ihe solution was stirred by a magnetic 
stirrer. The electrolysis was conducted at a curren t of 
0.5 amp. for thirty minutes and increased from 1 to 2 
amp . for a period of three hours . The deposition was 
not complete and no quantitative resu lts were obtained 
from this t ype of procedure. 
19 
Determination of Copper 
]X Iodimetry Titration 
A standard solution of thiosulfate wa.s prepared 
against a known standard of iodine solution. Th.e concen-
tration was approximately 0.05 normal (1.Q). 
A two-tenths gram saraple of the aldehyde salt was 
dissolved in a 3-4 pH buffer solution (12). Th.is buffer 
solution was prepared by dissolving 21 . 6 g . of citric 
acid in one liter of distilled water and dissolving 
71.6 g . of sodium bisulfate (containing t welve molecu les 
of water) in one liter of distilled water; then 615 ml. 
of citric acid was added to 385 ml . of Na2HP04 •12H2o to 
make the required pH . ~vent J - five milliliter of po-
tas sium iodide solution contain ing 1- 5 g . of salt was adde d 
to the buffer solution containing the known weight of 
sample. '.Ihe mixture was allowed to stand fQr several 
minutes before titra tion. 'Ib.e liberated iodine was ti -
trated wi t h the known normality of thiosulfate solution. 
When the color of liberated iodine almost faded away, one 
to two grams of potassium thiocyanate were added just 
prior to the addition of starch solution. Just as the 
iodine faded away 5 ml. of starch solution was added and 
t he titration was completed when one drop of thiosulfate 
solution caused disappearance of the blue color. 'Ihe 
end point was difficult to recognize and some tiL~e was 
required to find the end point of the titration. llie 
per cent of copper was found by using the equation: 
%Cu - ml. x N x Millieguivalent of Cu x 100 
Wt. of Sample 
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Analysis of formaldehyde derivative of copper sulfama te: 
Calculated for Cu(so3IIB-H2COH) 2 •5H2o; 
Cu, 15.62%; Found Cu, 15.49%. 
Analysis of acetaldehyde der i va tive of copper sulfama te: 
Calculated for Cu(S03N=CHCH3 )2 e3H2o; 
Cu, 17.34%; Found Cu, 17.05%. 
Analysis of pro pionaldehyde derivative of copper sulfamate: 
Calculated for Cu(so3N=CHC¾CH3 )2 ; 
Cu, 18.90%; Found Cu, 19. 86%. 
12:1 Electrolysis 
'.lwo gram samples of the aldehyde salts were dis-
solved in electrolytic beakers containing approx i mately 
150 ml . of water with 12 ml . of phospheric acid (85) (.J,&). 
'Ihe type of electrode used was a hollow cylinder platinum 
gauze cathode, and the anode a platinuin spiral wire. '.Ihe 
solution was stirred with a magnetic stirrer to keep fresh 
material in contact with the electrode s, thus giving a firm 
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adhering deposit . TI~e electrolysis was conducted a t a 
current of two runperes for t wo hours. Afte r the elec-
trolysis was completed t h e cath ode was c arefully removed 
from t h e solution without breaking t he current. 'Ihe 
cath ode was dipped into a beaker of clean distilled wa ter 
and finally washed with ethyl alcohol . 'Ihe c a t h ode was 
dried at 105° c. for three minutes . Tne electrode was 
cooled and weighed. 
%Cu_ Wt . o f deposit x 100 
- Wt. of samp le 
Analysis of formaldehyde deriva tive of copper s ulfamate: 
Calculated for Cu( S0 3NH- CH20H)•5H2 0; 
Cu, 15.62%; Found Cu, 15.49%. 
Analysis of acetaldehyde derivative of copper sulf runa te: 
Calculated for Cu(S03N=CHCH3 ) 2 e3H20; 
Cu, 17.34%; Found Cu, 17.05%. 
Analysis of propionaldehyde derivative of copper sulfamate: 
Calculated for Cu(S03N=CHCH2 CH3 )2 ; 
Cu, 18.09%; Found Cu, 19.86%. 
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Determination of Nickel 
Dimethylglyoxime 
One gram of dimethylglyoxime was dissolved in 99 g . 
of alcohol solution to prepa re the reagent . 
A one-tenth gram sample of the aldehyde salt was 
dissolved in 50 ml. of distilled water (neutra l). When 
dimethyl g lyoxime was added to the neutral solution, it 
precipitated as a red flocculent pre cipitate (17.). Pre-
cautions were taken so that the nickel ion did not ex-
ceed over 30-35 mg . because of the bulkiness of the 
nickel dimethylglyoxime precipitate. Also c are was tak en 
during the process of precip itation so that not more than 
five per cent excess of the alcohol solution of dimethyl-
glyoxime was added; otherwise contamination might have 
resulted due to the insolubility of dimethylg lyoxime in 
water. The precipitate was filtered through a filte ring 
crucib le. The precipitate was washed with one milliliter 
of alcohol. The precipitate of nickel dimethylglyoxime 
was dried at 110-120° c. and weighed as such. The chem-
ical factor used for nickel was 0.2032. 'lhe per cent of 
nickel was found by the use of the equation: 
%Ni::. Chemical factor x Wt. of Precipitate x 100 
. __ Wt .. of .. Sample 
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Analysis of formaldehyde derivative o f nickel sulfama te: 
Calculated f o r Ni(S03NH- CH20H ) 2 . 6H2 0; 
Ni , 13.73%; Found Ni , 14.58% 
Calculation for 5H2o~ 
Ni , 14.61% • 
.Ana lysis of acetaldehyde d eriva t ive o f nickel s u lfamate : 
Calcu l a ted for Ni ( S03N~CHCH3 )2 •4H20; 
Ni, 15.65%; Found Ni, 15 . 55%. 
Analysis of propionaldehyde derivative of nickel sulfamate : 
Calculated for Ni(S03N:CHCH2 c H3 )2 •l½H2o; 
Ni, 16.39%; Found Ni , 16.63%. 
&_ Electrolysis 
A one gram sample of the aldehyde salt was dis -
solved in an ammoniac a l solution containing 4 - 5 g . of 
ronmonium sulfate (g;i_). The Type of electrode used was 
t he round cylinder p latinum g auze catho d e and t h e anode a 
p l a tinum spiral wire . Th.e electrolysis was conducted at 
a current of 1 to 2 ronp. for three hours. A magnetic 
stirrer was used to stir t he solution so a s to k e ep fresh 
mat erial in contact with the electrodes , thus g iving a 
firm adhering deposit. After the electrolysis was com-
pleted t h e c a thode was removed c are f ully from t h e solu-
tion without breaking the current.· 
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The c at hode was washe d wi t h cle an di st i lled wat er 
and with ethyl al cohol . Th e c a t hode was dr ied a t 100° c. 
for three minutes . The ele ctro de was cooled and we i ghed 
as such. 
%Ni _ Wt. of de -oosi t x 100 
- Wt . of Sample 
Analysis of f ormal dehyde deriva tive of nicke l su l fama te : 
Calcula t ed fo r Ni ( so3W-.tI- cH20H) 2• 6H2o; 
Ni, 13 . 73%; Found Ni , 15 . 42%. 
Calcula tion fo r 5H2o: 
Ni , 14 . 61%. 
Determination of Sulf ur 
Bar i um Sulfa te 
'Ihe Parr Sulfur Bomb , Type 3 (flame i gnition ) was 
use d for t he deter mi nation of p er cent of su l fur f or 
various aldehyde s alts (11). 
Approxi mately one gr am of potas s i um perch lora te 
( acceler a tor) and a f i ve - ten th gr am s ample of t he aldehyde 
s alt: previou sly drie d a t 60° C. for t hree hours , was 
p laced in t he fusi on cup . The mixt ure was mi xed t hor-
oughly, so as to l e ave no lumps of potass ium perch lo -
rate. One me asure of sodiu.ra peroxide was t hen added 
qui ckl y (approx i ma t e ly 15 g .) to t he fu sion cup and mixed 
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thoroughly. 'Ihe bomb was a ss embl ed and the screw cap 
tightened firmly. 'Ihe charge was i gni te d by pl acing the 
bomb in the i gnit ion housing over a sharp flame . Water 
was placed in the bomb cover reces s . After the water had 
boiled on the bomb cover reces s , the f l ame was removed 
i mmediately. The bomb was allowed to cool for three 
minutes before qu enching . After t he bomb had cooled down, 
it was disman tled and the f u sion was dissolved in 100 ml. 
of hot distilled water. The cover and f u s ion cup were 
washed with a hot stre run of distilled water . 'Ihe fusion 
solution contained metal oxi de precipitate and t hi s was 
filtered with fast filter paper. The fi ltrate was used 
to determine t h e per cen t of sulfur by pre cipitat ing as 
barium sulfate. 
Concentrated hydrochloric acid was added to the 
filtrate unt i l t h e neutr al point was reached wi t h phenol-
phthalein. After bringing to the neutral point , 1 to 2 
ml . of t he acid was added in excess. '.lb.en 25 ml. of a 
satura ted solution of picric acid were added . The effect 
of such addition seemed to produce crys tals of barium sul-
f ate whi ch settled more x•apidly and it was a lso noticed 
that the precipitate was mu ch more easy to fil t er and 
wash . 
'.Ihe acid solution was heated nearly to boiling and 
then approximately 20 ml. in excess of the calculated 
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amount of hot 0.2 N barium chloride was a dded (2). The 
b eaker was set on a h ot p l a ce (70- 80° c.) unt il the pre -
c i pi t ate b ec ame cry sta llin e i n s tru c ture (5-6 h ours ). 
The barium sulfa te was fi l t e r ed t hrou gh a fi l tering cru-
c ible. The p r e cipi t a t e was washed wi t h ho t di s t i l l ed 
wat e r u n til no p o s itive te s t f or chloride was g iven wi t h 
s ilver ni tra te solu t i on . The pre c ipi t a t e was dried at 
600-650° C. f o r three h ou rs and weighed as such . 
The per cent of su l f u r was c a lcu l ated b y t h e use 
of t h is equa tion: 
%Sulfu r= 0~1374 x Wt. of BaS04 x 100 
Wt. of Sample 
Ana l y sis of formal dehyde deri v a tive of cobalt s u lfama te : 
Calcu l a t ed for Co(S0 3NH- CH20H ) 2 ; 
s, 20.61~& ; Found S, 19.14%. 
Ana l y sis of formaldehyde deri v a tive of copper s u l famate : 
Calcu lated for Cu( s o3NH- CH20H ) 2 ; 
S, 20. 30%; Found S, 19.75%. 
Analysis of propionaldehyde derivat i ve o f n i cke l s u lfamate: 
Calculated for Ni(so3N=CHCH2 CH3 ); 
s, 19.68%; Found S, 19.19%. 
Analysis of acetaldehyde derivative of copper sulfama te: 
Calculated for Cu(so3N=CHCH3 )2 ; 
s, 20.25%; Found S, 19.41%. 
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FIGURii: 1. PL:\.TI ms F.r C,. MIUM SALTS. 
Fon:nol derivative of 
cadrniu.~ sulfama t e 
Pl at e on copper 
25 - 30° C 
0 . 5 amp/cm2 
Dense , t enacious . 
Formol derivati ve of 
cadmium sulf amate 
Plate on copper 
25- 300 C 
1.0 amp/cm2 
Dense , loose. 
Propional derivative 
Fo:rnol derivative of 
cadmium sulfarna te 
Pl ate on copper 
40 - 45° C 
0 . 5 amp/cm2 
Dense, loose. 
Forrnol derivative of 
cadrniu.~ sulfamate 
Plate on cop per 
60- 65° C 
1.5 amp/cm2 
Dense , loose• 
Propiona l derivative 
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of cadmium sulfamate 
Pl a te on copper 
25-30° C 
of cadmium sulfar.iate 
Plate on cop per 
60 -.-65° C 
0 . 2 arnp/cm2 
Dense , tenacious . 
0 . 2 amp/cm 2 
Powdery, loose. 
Propional derivative 
of cadmium sulfamate 
Plate on cop rier 
25- 30° C 
1 . 25 amp/ cm2 
Dense , loose. 
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FIGURi 2. PU.TINS FHOM C BA.LT ALTS 
Formal derivative of 
cob alt sulfarna te 
Pla t e on nickel 
25 - 30° C 2 O. 5 amp/cm 
Dense, loose • 
Formal derivative of 
cobalt sulfa.mate 
Pl t e on nickel 
25 - 30° C 
1.5 amp/cm2 
Dense, loose. 
Propional deriva tive 
of cobalt sulfarnate 
?late on nickel 
35 -40° C 2 l. 7 amp/cm 
Dense, loose. 
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Formol derivative of 
cobalt sulfam~te 




Propi onal deriva tive 
of cobalt sulfamate 
Plate on nicke l 
30- 35° C 
0 . 2 amp/cm2 
Dense, loose. 
Propional deriva tive 
of coba lt sulfama te 
Pl a t e on nickel 
50- 65° C 
2 . 75 3D1p/ cm2 
Dense, loose. 
FI ,UHL!: 3 . PL.iTIIJGS F ROM COPP~R SAL S 
Formal derivative of 
copper sulfarna te 
Plate on copper 
25- 30° C 
O. 25 amp/cm2 
Dense , tenacious . 
Fonnol derivative of 
copper sulfamate 
Plate on cop per 
:}0- 35° C 2 0 . 4 amp/cm 
Dense, loose . 
Pro~i ona l deriva ive 
of copper sulf·1P1ate 
Plate on cop per 
25-30° C 
0.075 amp/cm2 
Dense , tenacious . 
Formol derivative of 
copper sulf3.!llate 
Pla te on copper 
25- 30° C 
0 . 5 amp/ cm2 
Dense , loose. 
Formol derivat ive of 
copper sulfama te 
Fla te on copper 
40-45° C 
o. 6 amp/cm2 
Powdery, loose. 
Propionql ~erivative 
of coppe r sulfam te 
Pla te on copper 
30- 35° C 
0 .1 amn/cm2 
Dense , t enacious . 
r opion~l deriv tive 
of copper sulf·J.ma te 
Pl1te on coooer 
50- b5° C 
1.5 anp/cm2 
Powdery , loose . 
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FI UR.r:. 4 . PL\.Tr GS FRot: ICl~ L S LTS 
Fonnol deriv~tive of Formol derivative of 
nickel sulf !'tla te 
Plate on cop,Jer 
25 - 30° C 
0 . 1 ar1p/cm2 
Dense , ten cious. 
nicke l sulfamate 
Pls te on cop:;:ier 
25-30° C 
0 . 2 amp/cm2 
Dense , tenacious. 
Fo 101 derivative of Formol deriva tive of 
nickel sulfa~ute 
Plate on copper 
25 - 30° C 
0 . 5 amp/cm2 
Dense, ten ci ous . 
Propi onal derivative 
of ni eke 1 su lfar::i9. te 
l·te on cop ;:ier 
25- 30° C 
0 . 4 amp/cm" 
Dense , tenaci ous . 
nic ke l sulfamR te 
Plate on copper 




' of nic ke l sulfama te 
Plate on copper 
35- 40° C 
1.0 amp/cm2 
Dense, tenacious. 
Prooion~l deriva tive 
of nicke l sulfamat e 
Pl9. te on copoer 
45-60° C 
1.5 amp/ cm2 
Dense, ten 3.cious. 
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FI Ulii. 5 . PL lTI GS FR ICY 'L .i.LT 
Formal derivative of 
nickel sulfam te 
Pl te on nickel 
25- 30° C 
o .·2 amp/ cm2 
Dense, loose. 
Forma l derivative 
nickel sulfarn· te 
Pla t e on nickel 
45 -50° C 2 1. 5 amp/cm ' 
Dense , tenacious . 
Propi on 1 derivati ve 
of nickel sulfamate 
Pl te on nickel 
25 - 30° C 
0 . 33 o.mp/ cm2 
Dense , loose . 
Formal derivative of 
nickel sulfamate 
Pl te on nickel 
25- 30° C 2 0 . 5 amp/cm 
Dense , tenacious. 
Formal derivative of 
nickel sulfam'l te 
Pla te on nickel 
50- 60° C 
1.0 amp/cm2 
Dense, ten ci ous . 
Propiona l deriv tive 
of nick 1 sulfrun te 
Plate on nickel 
25-:50° C 2 0 . 5 t:llTlp/cm 
Dense, loose. 
Propional deriv tive 
of nick~l sulf n te 
Plute on nickel 
30-40° C 
0.66 amp/cm2 
Dense, loose . 
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PROPERTIES OF 'IHE ELECTROPLATINGS 
Test platings were made of the various derivative s 
to discover whether they might be used to give deposits 
satisfactory for commercial electroplating . Photogr aphs 
of the platings were made and are included on pages 28 
to 32. 
'Ihe wri t er has employed the nrune prop ionaldehyde 
derivati ves of metallic sulfrunates throughout the re -
search . Notice that on t he fi gures, however, the official 
nrune propional derivative is used. 'Ihis practi ce was 
chosen to conserve space and exhibit uniformity. 'Ihus 
the reader should not confuse this with misuse of the word 
propional derivative. 
'Ihe electroplatings were performed with a 400- ml 
electrolytic beaker at various current densities and 
temperatures. Tne concentration of the salt bath em-
ployed was approximately 0.01 Molar solution . 
In figure (1), cadmium was plated on copper. It 
seems that low temperatures (25-30° C) and low current 
densities give a fairly tenacious deposit , while high tem-
peratures and current densities give loose and powdery 
deposits. Potassium cyanide was used as the electrolyte . 
In figure (2), cobalt was plated on nickel. Co-
balt was deposited from an runmoniacal solution of am-
monium sulfate. At very high current densities and high 
temperatures unsatisfactory qeposi ts W_<3re ___ obtained 
(loose deposit); however, a very low current density 
(0.3 amp/cm2 ) gave a fairly tenacious deposit. 
In figure (3), copper was p lated on copper. 
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Copper was deposited from a phosphoric acid (85%) solu-
tion at high and low current densities at various tem-
peratures. Fair deposits were attained at low temper-
atures (25-30° C) and low current densities, while high 
temperatures (above 30° C) and high current densities 
(above 0.2 am~/cm2 ) gave loose and powdery deposits. 
In figure (4), nickel was p l a ted on copper. 
Nickel was deposited from a phosph oric acid ( 85%) solu-
tion. Good tena cious deposits were obtained at low 
current densities and low temperatures (25-30° C), while 
fair deposits were obtained at high current densities 
(above 0.5 amp/cm2 ) and hi gh temperatures (above 30° C). 
In fi gure (5), nickel was plated on nickel . 
Nicke l was deposited from a phosphoric acid (85%0 solu-
tion. 'Ihis was the most peculiar deposit. 'Ihe writer 
will not attempt to explain the unusual deposit of nickel 
on nickel. It app ears that high temperatures (above 40° C) 
and hi gh current densities gave fairly tenacious deposits, 
while low tempera ture s (25-35° C) and low current densi-
ties gave loose deposits. 
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CONCLUSIONS I N REGARD 'ID STRUCTURE 
'Ihe ch emical structure of t h e a l dehyde deriva tives 
of me t allic sulfama t e s (cobalt, nickel, cadmium, and 
copper) exhibi ted different t yp es of addi t ion products . 
From t he dat a ob t ained, it appe ars t ha t t he fo r ma l dehyde 
sal t s have an hydroxyl or me t hylol deri vative. The 
formaldehyde s alt der i va t i ves c an be r epres en t ed by t his 
gener al formul a , M(so3NH-CH20H)2 • Ace t a l dehyde and pro-
piona l dehyde der i va t i ve s appe ar to have t he dehydr a t ed 
or me t hylene fo rrn; t hus, t he ' gen er al f ormul a can be rep-
r e s en ted as, M(so3N-:CHCH3 )2 an d M(so3N.::CHCH2CH3 )2 • The 
letter "M" designa tes e i t h er cobalt, ni cke l, c adraium, or 
copper. 
Analyses coul d not be made of t h e furfur al dehyde 




From the metallic sulfama tes studied, it appears 
that the straight chain aliphatic aldehydes react mod-
erately, including formaldehyde, ·acetaldehyde, and pro-
pionaldehyde; while aroma tic aldehydes and long chain 
aliphatic aldehydes (beyond propionaldehyde) appear not 
to react with the metallic salts _under conditions studied. 
Furfuraldehyde reacts moderately to g ive a derivative. 
'lhe nature of its chemical structure from analysis could 
not be made, due to the insolubility of the salt in water 
and mineral acids. 
The formaldehyde derivatives gave typical charac-
teristics of the cobalt, nickel, copper and cadra.ium salts 
while the higher derivatives did not exhibit t h is relation-
ship. 
The acetaldehyde derivatives had a small amount of 
i mpurities. 'Ihe salts could not be purified with the 
acetone, methanol, acetone-methanol mixture, or ether. 
'Ihe analytical analysis of cobalt and cadmium derivatives 
of acetaldehyde gave considerably variable results and the 
data was discarded. 
'.Ihe acetaldehyde and propionaldehyde derivatives 
have a tendency to lose a molecule of water from each 
amide linkage, consequently introducing the methylene 
derivative. It is rather difficult to remove water of 
crystallization from t h e derivatives (acetaldehyde and 
propionaldehyde) without decomposing the compound. 
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As a whole, the deposition by electrolysis of the 
me t allic sulfarna tes of aldehyde derivatives were not too 
good as electroplating agents under the experimental con-
ditions investigated, although, the pla tings of the 
nicke l salts on copper gave smooth a dhering deposit at 
low and high current densities. 
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